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" CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

RECONNAISSANCE OF THE GROUND-WATER RESOURCES
OF THE ELKHORN RIVER BASIN ABOVE PILGER,
NEBRASKA

By Tromas G. NEWPORT

ABSTRACT

The Elkhorn River is one of the principal tributaries of the Platte River
system. It drains an area in northeastern Nebraska which contains some of the
best agricultural land in the State. The area of this study includes the Elkhorn
River basin above Pilger, Nebr., an area of about 4,000 square miles. During
the past few years, several areas have been irrigated with ground water, and the
possibility of expanding the use of ground water has been emphasized. The
western part of the basin is in the Sand Hills region of Nebraska; there the river
is a sluggish, meandering stream which flows through poorly drained hay meadows.
East of the Sand Hills region, the basin lies in a loess-mantled plain; still farther
east, it lies in the glacial-drift region, where the principal mantle deposits are
till capped by loess.

The rock formations exposed in the area were deposited principally in Quater-
nary time. Silt, sand, and gravel of Pleistocene age overlie the Ogallala forma-
tion of Pliocene age in the western part of the basin. The Ogallala formation
feathers out toward the east, and the deposits of Pleistocene age rest directly on
rocks of Cretaceous age, which underlie the entire basin.

The Ogallala formation and many of the deposits of Pleistocene age are
saturated and contain the most important aquifers throughout most of the upper
Elkhorn River basin. Very little water is pumped from the Ogallala formation,
however, because a more copious supply usually exists in the overlying sand and
gravel beds of Pleistocene age. The saturated sand and sand and gravel deposits
of Pleistocene and Pliocene age are absent in some parts of the area; in these
places a few wells obtain water from the Dakota sandstone. The water in the
Dakota sandstone is generally of poor quality and is used only where other
sources of supply are not available.

The ground-water reservoir is recharged by local precipitation. Water is dis-
charged from the ground-water reservoir by subsurface movement eastward and
southeastward, by evaporation, by transpiration in areas of shallow water table,
by seepage into perennial streams, and by withdrawal from wells.

All the domestic, stock, publie, and industrial water supplies and most of the
irrigation water supplies are obtained from wells. The irrigation wells are not
pumped during years when the rainfall is sufficient for agricultural purposes;
1952 was one such year.

The report includes records of 131 wells; logs of 36 test holes and water wells;
and chemical analyses of 29 samples of ground water and 14 samples of surface
water.

The chemical quality of most of the ground water is satisfactory for irrigation.

Available data indicate that the ground-water resources of the basin are
capable of additional development; however, it is clear also that the data are in-
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716 CONTRIBUTIONS TO HYDROLOGY

sufficient to determine the quantity of additional ground water that comld be
withdrawn or the effects of such withdrawal upon the normal streamflow.
Relatively large-scale developments in the future should be preceded and ac-
companied by comprehensive water-resources and land-utilization studies -of the
basin; such studies should be preceded by the preparation of adequate topographic

maps.
INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

This report was prepared to summarize existing data that pertain
to the ground-water resources of the area studied, to present a brief
annotated bibliography of previous reports that pertain to the ground-
water resources, to collect and summarize data concerning public,
industrial, and irrigation well pumpage, to evaluate the existing
hydrologic data, and to delineate those parts of the basin, if any,
where detailed ground-water studies are needed to understand more
fully the ground-water resources.

The report includes a brief description of geology and topography,
a summary of the chemical analyses of 29 samples of ground water
and 14 samples of surface water, and a discussion of the occurrence
and quality of the water. The investigation was made during 1952
and the spring and early summer of 1953.

The study was under the direct supervision of C. F. Keech, district
engineer of the Ground Water Branch of the United States Geological
Survey in Nebraska. The quality-of-water section was prepared
under the direct supervision of P. C. Benedict, regional engineer of
the Quality of Water Branch, U. S. Geological Survey, for the Missouri
River basin. .

LOCATION AND EXTENT OF THE AREA

The area studied is the part of the Elkhorn River drainage basin
west of the eastern boundary of Stanton County, Nebr., and includes
parts of Antelope, Holt, Knox, Madison, Pierce, Platte, Rock,
Stanton, and Wheeler Counties, Nebr. The basin, which the area
studied will hereafter be called in this report, is about 130 miles long
from east to west, averages about 31 miles in width from north to
south, and covers about 4,000 square miles. (See pl. 44 and fig. 82.)

METHODS OF INVESTIGATION

Records of 131 wells were obtained from well drillers and owners.
(See table 6.) The depth of water in 37 wells and the depths of 15
wells were measured with a steel tape. Reported depths to water
and depths of wells are given for those wells that were not or could
not be measured. Eight water samples were collected from representa-
tive wells for chemical analyses. Analyses were available for 19
samples of ground water and 14 samples of surface water previously
collected from the basin.
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718 ..., . CONTRIBUTIONS TO HYDROLOGY R L

Field data were plotted on county highway and transportation
maps at a scale of 1:31,680. Plate 44 was compiled from these maps.
The wells and test holes were located from known points by means
of an automobile odometer.

WELL-NUMBERING SYSTEM

Wells and test holes are numbered according to their location within
the United States Bureau of Land Management’s system of land sub-
division. The well number gives the location by township, range,
section, and position within the section. The well-numbering system
is illustrated in figure 83. The first numeral indicates the township,
the second the range, and the third the section in which a well is
located. The first letter following the section number denotes the
quarter section; the second, the quarter-quarter section (40-acre
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a |
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\ :
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1
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18 17 16 15 14 13 | T.
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19 | 20| 21| 22| 23/] 22 | N ! ' ! 9
b | a { b ! a
1 ! :
30 | 29 | 28 | 27 //6 25 f———¢——=t———d—~-—1
| | I
c | d | c | d
31 32 | 33 34{ 35 | 36 S ] ] |
B 1. 1

FiGURE 83.—Sketch showing well-numbering system.
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tract). The subdivisions of the section are lettered a, b, ¢, and d in a
counterclockwise direction, beginning in the northeast quarter or
quarter-quarter. Consecutive numerals follow the lowercase letters
when more than one well is in a 40-acre tract. The capital letter “A”
precedes the well number if the well is east of the sixth principal
meridian.
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of the field work. E. C. Reed, director of the Conservation and Survey
Division of the University of Nebraska, supplied much useful advice
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PREVIOUS INVESTIGATIONS AND REPORTS

Existing literature was reviewed to determine the available pub-
lished data pertaining in whole or in part to the occurrence and
utilization of ground water in the basin. A short annotated bibliog-
raphy of that literature is given in the Selected bibliography at the
end of this report. Soil-survey reports by the United States Depart-
ment of Agriculture on Antelope, Holt, Knox, Madison, Pierce,
Platte, Rock, and Stanton Counties also are available but not shown
in the Selected bibliography. These reports contain data concerning
climate, agriculture, and soil and are of interest in connection with the

use of water in the basin.
GEOGRAPHY

CLIMATE

The climate of the basin is continental with a rather wide range in
temperature between winter and summer; generally, it is well suited
to raising livestock and growing of feed and grain crops. The spring
months are cool and have considerable rain; the summer months are
warm and have moderate precipitation; the autumn months are
pleasant with only occasional rains; and the winter months are char-
acterized by frequent low temperatures that are usually accompanied
by snow. The range in topographic relief is insufficient to cause
appreciable climatic differences from place to place. The average
annual temperature and. precipitation at nine United States Weather
Bureau stations in the basin are shown on plate 44. Plate 45 shows
graphically the annual precipitation at the nine stations over their
periods of record.

The maximum, minimum, and average monthly precipitation and
the cumulative departure from average annual precipitation, at
Ewing, Nebr., which is near the center of the basin, are shown in
figure 84. Of interest in connection with studies of the water re-
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sources of the basin is the long period, 1923-40, of successive years of
below-average precipitation. Precipitation from 1940 to 1945 was
about average, and it was continuously above average from 1945 to
1951. Because this study followed a 6-year period during which the
cumulative total of above-average precipitation amounted to about
32 inches, the ground-water levels probably were at least at an average,
long-term position during the study.

TOPOGRAPHY AND DRAINAGE

The Elkhorn River basin lies in the Great Plains physiographic
province of the United States (Fenneman, 1931, p. 11-12). It is a
nearly level to rolling constructional plain, which has been considerably
modified by water and wind erosion. Nearly all the uplands slope
gently southeastward. The basin includes parts of two rather well-
defined physiographic divisions known as the Sand Hills and loess
plains regions.

The western part of the basin is in the Sand Hills region of Nebraska.
Here, wind has formed a gently undulating to hilly terrain in loose sand.
The sand has been deposited in an irregular succession of hills and
ridges, which range in height from 10 to 80 feet above the intervening
valleys, pockets, and swales. The monotony of the landscape is
broken in places by small lakes and marshes. The few, small, per-
manently flowing, rather sluggish and tortuous streams are entrenched
to a depth of only 4 or 5 feet. An intricate system of scarcely per-
ceptible swales slowly contributes water to the streams during and
after early spring thaws and long periods of rainy weather.

The eastern part of the basin is within the loess plains region of the
Great Plains province. The original surface has been modified con-
siderably by erosion, and only a part remains to mark the level of the
former loess mantle. The topography in this part of the basin is
moderately to sharply rolling except on the broad, flat terraces and
flood plains along the Elkhorn and North Branch of the Elkhorn Rivers
and on the narvow alluvial lands along the larger creeks. An eroded
loess plain lies south of the Elkhorn River valley. This plain is the
highest part of the basin and is a remnant of the original loess plain.
The topography ranges from almost flat to hilly; narrow strips of
alluvial land occur along the creeks and small drainageways. The
gradients of the larger streams generally are low, and the stream
valleys are broad and shallow.

STRATIGRAPHIC UNITS AND THEIR WATER-YIELDING
PROPERTIES

The rock formations exposed at the surface in the upper Elkhorn

River basin are almost exclusively unconsolidated sedimentary rocks

of Pleistocene or Recent age. These sedimentary rocks, which are
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collectively known as mantle rock, comprise wind-blown loess and dune
sand underlain by fluvial silt, sand, gravel, and clay deposits. The
mantle rock rests on bedrock of Tertiary or Cretaceous age which is
flat lying or only gently warped. The rocks of Tertiary age consist of
thin, interfingering lenses of gravel, sand, silt, and clay, moderately
to well cemented in some places, and the Cretaceous formations con-
sist of alternating layers of sandstone, limestone, and shale. The
formations and descriptions of their probable water-yielding properties
are summarized in table 1. Few wells in the basin reach bedrock;
therefore, adequate tests of the water-bearing or water-yielding prop-
erties of the bedrock formations are not available.

GROUND WATER
OCCURRENCE, SOURCE, AND MOVEMENT

Ground water occurs in the basin in the pore spaces of the under-
lying materials. In most of the basin, ground water occurs under
water-table conditions, but in some places it is confined under artesian
pressure. Artesian flows have been reported locally from gravel beds
at three different horizons in deposits of Pleistocene age. Typical is
well 22-1-29bb (Madison County), which. is an irrigation well obtain-
ing water under sufficient pressuce to flow at the rate of about 35
gallons per minute (gpm) at the land surface.

The depth to the water table ranges from a few feet to more than
100 feet below the land surface. The water table in the alluvium
that underlies the flood plain of the streams generally is within 10
feet of the land surface.

Most precipitation upon the basin becomes surface runoff, is used
by growing plants, or is evaporated. The remainder, a small percent-
age of the total, percolates to the water table as recharge to the
ground-water reservoir.

Ground water moves from higher to lower altitudes in the direction
of the hydraulic gradient, and if all other factors are constant, the
rate of movement is proportional to the gradient. Generally, the
direction of ground-water movement in the basin is toward the -
streams,

GROUND-WATER REGIONS

The Elkhorn River basin above Pilger, Nebr., includes three
ground-water regions which have been defined by Condra and Reed
(1936). They are the Sand Hills, the central, and the northern drift
regions. (See fig. 85.)

SAND HILLS REGION

The water table in the Sand Hills region is in most places less than
20 feet below the land surface, and the ground-water reservoir is
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readily replenished by infiltration from precipitation. The Brule
formation and the Pierre shale are nearly impervious and are overlain
by permeable sands of Tertiary and Pleistocene age, uppermost of
which is dune sand. In places, the saturated thickness of the sands is
300-500 feet. The general direction of ground-water movement is
southeastward, but locally south of the Elkhorn River, it is north-
eastward toward the river. Many artesian wells, which range in
depth between 80 and 300 feet, obtain water from formations of the
Quaternary system in the eastern part of the Sand Hills region.
The deposits of Pleistocene and Tertiary age would yield water to
irrigation wells in this region, but irrigation farming is restricted
because removal of the sod by plowing subjects the sandy soil to
destructive wind erosion. A few stockraisers now irrigate feed crops
in some parts of the Sand Hills, and ranching in the basin eventually
may be supplemented with considerable irrigation farming.

CENTRAL REGION

The topography of the central region, which lies between the Sand
Hills and northern drift regions, is smooth to rough. The surficial
deposits in this region consist of loess, which is underlaii by deposits
of silt, sand, and gravel of Pleistocene age that rest in most places
upon the Ogallala formation of Pliocene age. The Ogallala formation
thins toward the east and in some localities in the region was removed
by erosion before the Pleistocene epoch. In these places, the deposits
of Pleistocene age rest on almost impecvious bedrock of Cretaceous
age, which underlies the entire basin. Ground-water recharge is
received from local rainfall, from general southeastward underflow
from the Sand Hills, and from streams that originate in the Sand
Hills region. Wells obtain water from sand or gravel at depths
ranging from 100 to 200 feet in the uplands, and at relatively shallow
depths in the valleys. Prospects for the development of ground
water for irrigation in this region are good, as the ground-water
storage is extensive and the water is of good quality.

NORTHERN DRIFT REGION

The surficial deposits in the northern drift region are loess and
alluvium which mantle glacial till. The till is intercalated with
stratified drift of sand and gravel, which is above the water table
along some of the bluffs and valley margins. Most wells obtain water
from the alluvium or the drift, but where water is not available from
these deposits, wells are drilled to the Dakota sandstone. The wells
range in depth from about 100 feet or more in the eastern part of the
region to 800 feet in the northwestern part. The potentialities for
irrigation development in some parts of the region are good.
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FLUCTUATIONS OF THE WATER TABLE

The water table fluctuates with changes in the rates of recharge
and discharge. If the discharge from a ground-water reservoir ex-
ceeds the recharge, the water table will decline; if recharge exceeds
discharge, the water table will rise. Thus, the rate and magnitude
of fluctuation of the water table depend upon the rate and magnitude
at which the ground-water reservoir is replenished or depleted. A
ground-water reservoir is in equilibrium when the recharge equals
discharge.

Long-term periodic.water-level measurements have been made in
five observation wells in the basin. (See fig. 86.) Short-term peri-
odic measurements of the depth to water in nine other wells in the
basin are also available. (See fig. 87.) The effects on the water
table of recharge to and discharge from the ground-water reservoir
are apparent from the hydrographs. The water table is
seldom stationary; thus, periodic water-level measurements in wells
over a long period are necessary to understand fully the nature of
changes in storage in the ground-water reservoir.

Most of the wells whose hydrographs are shown in figure 86 are
close to streams, and the major, sharp rises of the water level in the
wells reflect corresponding rises in the stage of a nearby stream during
high surface-water runoff following heavy precipitation or snowmelt.

An annual rise of water level, sometimes of several feet, in response
to seasonal precipitation is apparent in the hydrographs of most of
the-wells. Extended periods of drought or above-average precipita-
tion also are reflected in the long-term hydrographs. For example,
the period of successive years of above-average precipitation beginning
in 1945 (see fig. 84) is apparently reflected by a general rise of the
water level in well 27-9-34da beginning during 1948 and 1949 (see
fig. 86). The hydrographs of figure 86 indicate that there has been
no long-term decline of the water table in the basin and that the water
table has fluctuated principally in response to changes in infiltration
from precipitation.

GROUND-WATER DISCHARGE
EVAPOTRANSPIRATION

Ground water is withdrawn from the zone of saturation by evapora-
tion in places where the capillary fringe extends to the land surface.
The water surfaces of some lakes in the Sand Hills region are essen-
tially an extension of the water table, and much of the water loss from
those lakes is ground-water discharge. Ground water is discharged.
also by transpiration from plants in places where the plant roots can
obtain water from the capillary fringe.

428271—57——-3
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FIGURE 87.—Hydrographs of the water level in nine wells in the Elkhorn River basin, Nebraska, 1950-543

The amount of ground water discharged by evapotranspiration
varies with a number of factors, such as air and soil temperature,
relative humidity, wind velocity, and season; the rate of evapotrans-
piration is greatest during the plant-growth season when temperatures
are highest. Although this study was not designed to determine the
quantity of ground water discharged by evapotranspiration, the
quantity so discharged is known to be considerable from the parts of
the area in which the water table is close to the land surface.

SEEPAGE INTO STREAMS

Considerable ground water leaves the Elkhorn River basin above
Pilger, Nebr., in the form of streamflow in the Elkhorn River.
Because of the absorptive character of the soils in the basin, especially
in the Sand Hills region, a relatively large part of the precipitation
on the basin infiltrates into the soil, and runoff over the land surface
occurs only after periods of exceptionally heavy rainfall. This is
verified by field observation and by comparison of the daily discharge
of the Elkhorn River at the Norfolk, Nebr., stream-gaging station
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with the daily precipitation. Consequently, the flow in the Elkhorn
River is more uniform than that in streams draining areas having
high surface runoff rates.

Much of the annual streamflow in the Elkhorn River at Norfolk
represents water discharged from the ground-water reservoir above
Norfolk. The amount of ground water thus discharged from the
basin is considerable, as can be inferred from the following table:

Annual discharge of Elkhorn River near Norfolk, Nebr., 1946-52
[From records of U. 8. Geol. Survey and Nebr. Dept. of Roads and Irrigation]

Total discharge,
Waler year in acre-feet
1946 - e 208, 500
1947 e 562, 100
1948 e 248, 090
1940 e 569, 390
1950 - e 524, 370
198 e 860, 400
1952 e 677, 340

UNDERFLOW

A considerable amount of ground water is believed to pass beyond
the Elkhorn River basin above Pilger, Nebr., by natural ground-water
movement down the water-table gradient and through the aquifers
that underlie the eastern boundary of the basin. Ground water that
is neither intercepted by seepage into streams and drains nor dis-
charged by evapotranspiration or pumping continues to move south-
eastward and out of the basin. The quantity of the underflow was
not determined.

WITHDRAWALS FROM WELLS

Ground water is pumped from many domestic and stock wells, from
a few municipal wells, and from a few irrigation wells during the
periods ot low precipitation that occur during the growing season.
However, no attempt was made to determine the total annual with-
drawal of ground water for irrigation and other purposes. The total,
quantity of water pumped is very small in proportion to the total
amount of ground water available in the basin.

All public supply and irrigation wells in the basin, but only a few
of the domestic and stock wells, were inventoried. Forty-two of the
forty-five irrigation wells obtain water from sand and gravel of
Pleistocene age; three obtain water from both sand and gravel of Pleis-
tocene age and the Ogallala formation of Tertiary age. Table 6 shows
the data collected during the well inventory; all tabulated wells are
drilled wells with metal casing unless otherwise noted.

DOMESTIC AND LIVESTOCK WATER SUPPLIES

Most of the domestic and stock-water supplies in the Elkhorn River
basin are obtained from wells. A few cisterns are used to store rain-
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water for laundry and other domestic purposes. The domestic and
stock wells generally are driven or drilled wells of small diameter, are
equipped with pitcher, force, rotary, or jet pumps, and are powered
by hand, wind, or electricity. The wells discharge only a few gallons
per minute. Much more water is pumped for domestic and stock use
in the basin than for all other purposes.

MUNICIPAL WATER SUPPLIES

Twenty-six towns in the Elkhorn River basin above Pilger obtain
water from wells. All towns in the basin have public water-supply
systems except Amelia, which is supplied by privately owned artesian
wells. Each home in Amelia has a flowing well, which is allowed to
flow continuously and thus wasting much of the water. The wells in
this town are about 100 feet deep, obtain water from sand and gravel
of Pleistocene age, and produce a maximum of about 10 gpm from
any individual well. Records of municipal wells are given in tables
2 and 6.

TaBLE 2.—Municipal waler supplies
[See table 6 for additional data]

Reported Well
aily
Town consump-| Storage facilities
tion Reported
(gal) No. discharge
(gpm)

Atkinson.__.____.____ 100,000 | 50,000-gal elevated steel tank.____._____._.._. 30—14—3%:%% %
10,000-gal pneumatic steel tank and a 50,000- | 30-19-10cbl 250
gal elevated steel tank. 10cb2 300

Battle Creek___._____ 30,000 | 22,500-gal pneumatic steel tank_______.._.___

45,000-gal elevated steel tank and a 19,000~
gal concrete reservoir.

Madison.....____._._. 200, 000 | 105,000-gal elevated steel tank.._._.._.._.._.
30,000 | 22,000-gal pneumatic steel tank._.___________

4,500 | 9,000-gal pneumatic steel tank_____
10,000 | 40,000-gal steel standpipe reservoir

Newport_....._.._... 10,000 | 50,000-gal elevated steel tank.__._______ . __..
Norfolk. .o 800,000-gal underground concrete reservoir.._

Qakdale..._...._._... 25,000 | 20,000-gal pneumatic steel tank._____________
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TABLE 2.—Municipal waier supplies—Continued
[See table 6 for additional data]

Reported Well
daily
Town consump- Storage facilities
tion Reported
(gal) No. discharge
(gpm)
O'Neill .__._.__...___ 250, 000 | 100,000-gal elevated steel tank. A group of | 28-12- 1da 350
11 wells, used in emergencies, are at 290-11- 1dd1 145
30db. 1dd2 300
20-11-30db  |_____..____
60,000 | 40,000-gal elevated steel tank._ . ___.____ ... 28- 3-36dal 225
36da2 225
10,000 | 35,000-gal elevated steel tank 28- 9-18be 145
70,000 | 50,000-gal steel standpipe reservoir. 26— 2—%’;&%‘3 1 560
adl  |oooo.o...
278d2 |-
27ad3 350
Pilger . .. _________. 30,000 | 25,000-gal pneumatic steel tank______________ A24- 3-355035 ..........
a2 oo ..
) 35ca3 500
Plalnview..____._____ 70,000 | Two 15,000-gal pneumatic steel tanks________ 27- 4 iga% %
a;

28~ 4-33ac 500
Stanton_..________.__ 70,000 | 38,000-gal elevated steel tank._________.____. A23- 2-20cd1 240
20cd2 275
20cd3 225
20cd4 350
Stuart ... 25,000 | 22,000-gal elevated steel tank________________ 30-16~ }cgé %

c
Tilden. _._.._._______ 60,000 | 52,000-gal elevated steel tank.__.____________ 24~ 5-24aa 365
24dd1 375
24dd2 345
Wausa. oo 40,000 | 70,000 gal in 2 small underground concrete | 29- 2-10cbl 165
tanks and a pneumatic steel tank. 10cb2 165

INDUSTRIAL WATER SUPPLIES

The use of ground water for industrial purposes is negligible.
Railroads have changed from steam to diesel power, and their water
use has been reduced greatly. Several creameries use relatively large
amounts of water, which they purchase from local municipalities.

IRRIGATION WATER SUPPLIES

Ground water is the source of nearly all irrigation water used in the
Elkhorn River basin above Pilger, Nebr. A few irrigators pump water
directly from the Elkhorn River, but they have relatively small
installations that pump only a very small percentage of the total
amount of irrigation water. The irrigation wells are not pumped
during years of favorable rainfall; irrigation generally is practiced only
when the summer precipitation is decidedly deficient.

POTENTIAL GROUND-WATER DEVELOPMENT

Much more ground water than is at present (1953) developed could
be pumped from the ground-water reservoir in the Elkhorn River
basin above Pilger, Nebr., without seriously depleting the supply.
Withdrawal of water from the ground-water reservoir will lower the
water table, but to salvage ground water that is naturally discharged
from the basin, the water table must necessarily be lowered.
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In the Sand Hills region, where ground-water levels are naturally
high, pumping of consequence would lower the water table and create
storage to accommodate additional ground-water recharge. Thus,
some of the water that now runs off the land surface and into the
streams would infiltrate the ground and be stored in a natural under-
ground reservoir for future beneficial use. In addition, all or some of
the water now evaporated from ponds and wet meadows and transpired
by vegetation in places where the water table is close to the land sur-
face would be salvaged. If the increased withdrawals of ground
water by pumping exceed the amount of water salvaged from evapo-
transpiration losses, the water table will decline, and ultimately the
ground-water discharge into the streams will diminish. However,
that diminution of streamflow generally would not be appreciable
before a considerable lapse of time, perhaps of tens of years. Should
the quantity of water removed by pumping exceed the present base
flow in the streams plus the present evapotranspiration losses, the
water table would decline progressively. However, the water table
would rise during years of above-normal precipitation and, if the pre-
cipitation was unusually great, could well be restored to its initial
position temporarily. The available water in the basin can be con-
served and utilized best only by periodically lowering the water table
and thus salvaging water that now flows out of the basin, is evaporated,
or is nonbeneficially transpired.

Detailed ground-water studies are needed before and during ex-
tensive development of ground water for irrigation in the basin to
determine the perennial safe yield of the ground-water reservoir.
The studies would require adequate topographic maps; construction of
water-table contour maps; long-term periodic water-level measure-
ments in observation wells; geologic mapping; construction of maps
showing the depth to water and the saturated thickness of the aquifier;
determination of the transmissibility and storage coefficients of the
aquifers; additional test drilling; continuation and perhaps intensifica-
tion of streamflow measurements; and adequate determination of the
chemical quality of the water and ultimate changes in that quality.
A detailed appraisal of ground-water conditions in the relatively
undeveloped areas is particularly essential.

CHEMICAL QUALITY OF THE WATER
By RorerT A. KRIEGER

Results of chemical analysis of 29 samples of ground water from
Quaternary deposits in the upper Elkhorn River basin are given in
table 3. Eight of these samples were collected during the 1952 field
season, especially for this report. The location of the wells that were
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sampled is shown on plate 44. The results of chemical analysis of 14
samples collected from the Elkhorn River and its major tributaries
from 1943 to 1950 are given in table 4.

Ground water is progressively more mineralized toward the eastern
part of the basin, as shown in the table below. In the Sand Hills
region (see fig. 85), the water is typically low in total mineralization,
hardness, and percent sodium. In the central region the water is more
mineralized and harder and has larger amounts of bicarbonate in
solution. In the northern drift region the water is considerably
more mineralized and contains significantly higher concentrations of
sodium and sulfate. Water in the northern drift region is more highly
mineralized than that in the other regions because the mantle rock in
the northern drift region contains larger proportions of easily weathered
and soluble minerals.

Sand Hills region Central region Northern drift region
Constituent or property

Maximum | Minimum | Maximum | Minimum | Maximum | Minimum

Specific conductance in mi-

cromhos at 25°C _.__________ 285 114 590 299 982 322
Hardness as CaCOs:

Calcium, magnesium_ppm__ 130 42 324 134 409 166
Bicarbonate (HCO3).__ppm.. 177 44 374 179 457 192
Sulfate (804) ... ppm.__ 10 2.0 22.2 9.5 260 13
Percent sodium. _.____________ 2 1 21 7 42 9

Water in the main stem and in South Fork is similar in chemical
quality to the ground water of the Sand Hills region. (See table 4.)
Most of the drainage basin of the North Branch is in the northern
drift region (see fig. 85 and pl. 44); and the water in the North Branch
is similar in quality to the ground water in the central and northern
drift regions.

CHEMICAL QUALITY OF THE WATER IN RELATION TO USE

The chemical quality of irrigation water is important because the
dissolved salts or other chemical or physical characteristics may result
in injury to plants and soils. For example, plant growth may be
impaired by high total salinity or high boron concentration; soil
permeability and tilth may be impaired if sodium is the major cation
in the water, particularly if there is a high ratio of sodium to other
cations; or alkaline soils may develop if sodium bicarbonate is the
predominant dissolved salt.

Criteria for classifying irrigation water have been based by the
United States Salinity Laboratory Staff (1954, p. 69-82) on average
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conditions of drainage, infiltration rate, quantity of water used, soil
texture, climate, and salt tolerance of plants.

Water is classified as ‘“low-salinity water” if the specific conductance
is less than 250 micromhos, as “medium-salinity water’” if from 250
to 750 micromhos, and as “high-salinity water” if from 750 to 2,250
micromhos. The terms are explained by the U. S. Salinity Laboratory
Staff (1954) as—
Low-salinity water can be used for irrigation with most crops on most soils with
little likelihood that soil salinity will develop. Some leaching is required, but
this occurs under normal irrigation practices except in soils of extremely low
permeability. Medium-salinity water can be used if a moderate amount of
leaching occurs. Plants with moderate salt tolerance can be grown in most
cases without special practices for salinity control. High-salinity water cannot
be used on soils with restricted drainage. Even with adequate drainage, special
management for salinity control may be required and plants with good salt
tolerance should be selected.

The ground water has low to medium salinity in the Sand Hills
region, medium salinity in the central region, and medium to high
salinity in the northern drift region. Water in the Elkhorn River
and its tributaries has low to medium salinity. Thus, in the central
and northern drift regions, ground water should be used for irrigation
only on soils that have good drainage. Most crops now grown in the
basin have medium or high salt tolerances. Only fruit trees, a few
vegetable crops, field beans, and some varieties of clover have low
salt tolerance.

Concentrations of boron in water of the basin were less than 0.33
ppm, which is not considered injurious in irrigation water to even the
most boron-sensitive plants. Because the water contains only minor
amounts of sodium, soil permeability and tilth would not be impaired.

If irrigation water contains more carbonate and bicarbonate than
calcium and magnesium, then, after evaporation and plant uptake
have resulted in precipitation of calcium and magnesium carbonate,
the residue of carbonate in the soil solution is paired with sodium
(Eaton, 1950). This sodium carbonate in solution is “residual sodium
carbonate’; it normally increases the pH of the soil solution and may
ultimately cause the formation of black-alkali soils. However, both
ground and surface waters in the basin have less than the usually
accepted threshold value of 1.25 epm (equivalents per million) of
“residual sodium carbonate” and thus are suitable for irrigation.

The drinking-water standards of the United States Public Health
Service (1946) for water used on interstate common carriers are ac-
cepted by the American Water Works Association as standards for
public supplies. Although these standards are not compulsory for
water that is used locally, they are measures of the suitability of



CONTRIBUTIONS TO HYDROLOGY

738

92 |2 |91 |0 |simo|ggr | g1 |11t {21 le |01 {9g |o |oot ot 0¢ leg lgow |@ [egr | 777mmmoTtoTTewel feo A
98 |Leg |¥1 |0 |¥8l |6z |TTT|¥le [ 61T | 9T (& |0 e | et |ae1 16 Ly | |20 |€ |61 |TTTTToTTiITTIIIIITIT 13 30y
6°L 89¢ | 2l 0 18T | ¢" |77 777 ¥81 | aI° e1T [T Q° 1|0 291 18 c'¢ | W €0° | ¥ Lgg (T 61 Ao
28 082 | LI 0 (418 A 1 ) A 8T (30| 0T |[€0 |80 (¥4 |9 781 | 9°¢ [ 1T ge | 9¢ 200 | 9F F4 5 261 81 I8N
*IgON ‘YSIPN e ATy Wioyy[y
€L G81 91 0 LL 0 QL1 |77 6°T £°0 g1 2'e 0 201 L9 6°C 92 ¢r'0 | OF 772 R 8P6T ‘21 '3y
‘IQON ‘BulM 180U YIoq Y)RoS
gz, |oeg |18 |0 |9or [r1er | %z |06 |v3 |[$° |0 |06 |0 |89 % g'e |48 |30 |28 |weg |TTTTTTTTITIITTITTNOSRT ‘1g tidy
gL 69 | G1 Q eIr (98" 777777 61 | 90° T |¢€ [ L |0 oSt 06 gL | ¥e Z0° 82 maﬁ. T ,N Ael
80 8¥1 €8 0 69 ) S 80T [90° [9¢ [0 0¢ (gL |0 9L £'8 ve |81 Q0" L1 [V 6761 "6 T8I
'8 €61 8% 0 08 [ 20 091 Q0 L 3’ 0'¢ 0L | O SII ¥I 9'¢ |92 ¥0° 14 1 MNA 3P0
Ll 981 | 02 0 2L g0l CLT |O0T019'T (€0 |20 (08 |0 901 16 0'¢ | 9 00°0 | 68 4 S 8%61 ‘Z1 '8Ny
“3QON “BUIMI 1 IOATH WIOYNIH
sE| B | B (gE| 2 S gEn 8|2 |28 E|ElEE gl ElallE
g8 2| 2 |25 ¥ Ll g | 2|82 |E|E!E el E 1 Bla|z
Eel 2 | §EZ| ;5 sl B g |2 12|2|8| B Bie|E x|~ 1B8]|F%
S| & | ¢ gl g = S|B8i&|lal5|m|&8|E| 8 € |z
2| B F| &g g 54 s|€|lB3({2|8|%o]¢E )
Mm 5 5 BB = m m ~ UOL30I[[00 JO 36T
=1 ~ ~
wm T | wompm o
a8 10080 S8 zed sypaeg <
\m,. SSQUPIBH
' SPI0S PRATOSSI(T

L290M 2IDLINS [0 SOUSLIIIODADYD PRID]BL PUD,

‘uonprue 4ad sppd UL ‘SPUINPISUOD (DLUL P —'F FIAV],



GROUND-WATER RESOURCES, ELKHORN RIVER BASIN, NEBRASKA 739

*67°0 £q 9jeUO0qIBOIq SULIdpMur £q 9)BUOQIED §B POPNOUT SUfeq 9JBUOYIBIIY ‘SIUONIISUO0D POUTULISIO(T 1

08 |ee g1 b1 S i At il R 0g [T 0T (e {0 21z -1 S e e e €561 ‘03 "AON
“IqAN ‘UOJUB}S JVIU JIATY WIOYN|T
8L |eow |¥I A b e e gg | 0¢ {28 |0 063 8T Tt e SF6T ‘61 "AON
*1qAN ‘9901 Ie yourag YroN
18 |81 |8 7 AN 81 1800|1¢ |[€0 |00 |08 [0 213 9°¢ 0'¢g |¥e 000 |8 0097 8761 ‘71 "dny
*3GON ‘H[0JION] JvoUl JoATYH WO LY
08 |18 |1 ger | 12°0 | 9o1 |0 30081 |%0 |00 |gL |0 61 L6 (377 10 {20 il el Rl i SP6T ‘61 "AON

“IQAN ‘9A0IO MOPUIJAL JEIU IFANY UJOYNEH



740 CONTRIBUTIONS TO HYDROLOGY

water for domestic use. These standards for some chemical charac-
teristics of water are as follows:

Mazimum
concenira-
tion limits
(parts per
million)
Iron and manganese (Fe+Mn)___ ___ . . 0.3
Magnesium (Mg) .- e 125
Sulfate (SO) - e 250
Chloride (Cl) e 250
Fluoride (F).._'___.__.______.______T ____________________________ 1.5
Nitrate (NOg) oo e 144
Dissolved solids_.. .. . ____ e 2 500

1 Mazxcy, 1950.
21,000 ppm permissible when water of better quality is not available.

Except for excessive concentrations of iron and manganese in water
from some wells, the limiting concentrations generally were not ex-
ceeded in the ground and surface waters of the basin. However,
ground water in the central and northern drift regions is harder than
is usually recommended for domestic use, and its treatment to reduce
hardness may be desirable. Specific limits of hardness cannot be set,
but the following are general criteria:

Hardness as CaCOs (ppm) Rating and usability
<60 L Soft—suitable for many uses without further softening.
60-120_______________ Moderately hard—usable except in some industrial
applications.
120-200- - .. _________ Hard—softening required by laundries and some other
industries.
>200. . Very hard—requires softening for most purposes.

Water in the Sand Hills region is the most suitable, and water in
the northern drift region is the least suitable for domestic use.

LOGS OF TEST HOLES AND WELLS

The logs of 36 test holes and wells are shown in numerical order, by
counties, in table 5. The logs of test holes 25-4-27db (Pierce County),
23-3-30ab, and 23-4-35aa (Madison County) were prepared by
V. H. Dreeszen of the Conservation and Survey Division, University
of Nebraska, from samples of drill cuttings submitted to the Nebraska
Geological Survey by the drillers. Logs of other test holes or wells
were obtained from the well owner or from drillers.
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TABLE 5.—Logs of test holes and wells, Elkhorn River basin, Nebraska

Thick- | Depth Thick- | Depth
ness (feet) ness (feet)
(feet) (feet)

ANTELOPE COUNTY
Well 23-6-8da. Ben Heithoff

Soil . 52 52 [0 SN 5 120
Clay,sandy..._._________._._____ 53 105 Sand, some clay. 2 122
Clay. oo eee 7 112 Sand, coarse.. 4 2 148
Sand.- .. ... .. 3 115 Gravel_. ... 60 208
Well 23-7-23bc. W. C. Schulte
Clay oo 58 58 12 136
Sa.nd andelay. ... 26 84 6 142
Sand, coarse.__ .. ___...____..__.__ 4 88 24 166
Clay 'and sand______._.__.___ ... 2 90 4 170
Clay, FL327 11 30 120 72 242
and - ... 4 124
Well 24-5-3bb. Joe Wittwer
Soil ol 38 38 57 135
Sand. ... 12 50 27 162
Clay,sandy_...__.__...__.______. 18 68 9 171
Sand._ ... 10 78 ||~8and._____r .. 30 201
Well 24-5-5ab. Lewis Evans
40 40 Sand_ ... ... 22 99
5 45 49 148
31 76 Sand._ . ... 58 206
1 77
Test hole 24-5-5bb2
Soil .o 41 41 and . _ ... 16 85
Sand and gravel.._._.____________ 23 64 Clay, SandY ..ol 40 125
Clay, sandy.... ... 5 69
Test hole 24-5-5bb3
Sold .. 36 36 Clay . e 6 72
Sand, coarse_.____.____.____.______ 6 42 Sa.nd andelay. . ... _________ 30 102
Gravel. ... ... 24 66
[0 L 1 S 5 70
Clay,blue ... ... 5 75
Sand, coarse_. ... ... 12 87
Sandand gravel__....__....______ 9 96
Sand_ . 14 110
Sofl ... 7 7 Clay,blue_._.__._______._____.___ 2 67
Sand, fine; some clay.._....._._.. 1 8 Gravel, coarse 18 88
2.5 11 19 Limestone.. " ... 2 87
Sand. ... 46 65
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TABLE 5.—Logs of test holes and wells, Elkhorn River basin, Nebraska—Continued -

Thick-| Depth Thick- | Depth
ness (feet) ness (feet)
(feet) (feet)

ANTELOPE COUNTY~Continned
Well 24-5-24aa. City of Tilden

Sofl . 5 5 Sand, very fine, loose..__..._.___. 20 57
Clay and sand.___. 5 10 Sand, very fine; some clay........ 6 63
Sand, very fine, loose... 5 15 Sand COATSE . oo 8 71
Sand very fine, compact. . 13 28 Sand very fine, compact_......_. 5 76
Clay, blue.__..._._______ 5 33 Sand COATSE . - oo 9 85
Sand, very fine, compact_. ... 4 37 Sand’and gravel ____. . __...____ 4 89
Test hole 24-5-34cc
Soil.____ .. 4 4 23 81
Gravel_. 4 8 4 85
Clay.. 7 15 5 90
Sand____________ 6 21 22 112
Clay; some gravel._ 10 31 22 134
Clay; some sand . _ 9 40 8 142
ClaY .« oo 18 58 43 185
Well 25-6-20adl. City of Neligh
Clay, yellow_. i1 11 Sand, very fine...___.._..__...... 2 20
Clay, black. 2 13 Sand, coarse. .. ..__._....._____. 5 25
Olay, yellow 2 15 Sand, very fine_.._._......__..... 4 29
________ 1 16 Sand and gravel._______.._.______ 5 34
Sand fine oo _ 2 18
‘Well 25-6-20ad2. City of Neligh
Clay, yellow.....____.___.____.___ 8 8 Silt, black_ ... ... 4 21
Sand, fine.._ - 3 11 Sand and gravel ... ______._.._ 6 27
Sand, coarse. ... ._..._..__.._.__._ 6 17
Well 25-6-20ad3. City of Neligh
Soil . 3 3 Sand, coarse. ... ..o 10 20
Clay e 7 10 Sand and gravel ._..____._________ 6 26
Well 25-6-20dal. City of Neligh
5 5 Gravel. .. . 3 22
10 15 Sand and gravel. ... ... 8 30
4 19
Well 25-6-20da2.
7 7 4 24
10 17 - 2.5 26. 5
3 20 .8 27
Test hole 25-6-27bbl. Layton Baker
2.5 2.5 Sand, fine..__________.______..___ 33 94
9.5 12 Clay, sandy 8 102
13 25 Sandstone, sandy white clay.. 13 115
3 28 Clay, sandy, white____.__ 10 125
7 35 Sand, fine.__.___ 12 137
4 39 Clay, sandy, white- - 14 151
Sand, ﬂne some elay.....__...... 13 52 Sandstone, fine - .. .__._.__.._____ 47 198
Sand fine, silty ... _____..___ 9 61




GROUND-WATER RESOURCES, ELKHORN RIVER BASIN, NEBRASKA 743

TABLE 5.—Logs of lest holes and wells, Elkhorn River basin, Nebraska—Continued

Thick- | Depth Thick- | Depth
ness (feet) ness (feet)
(feet) (feet)
ANTELOPE COUNTY—Continued
‘Well 25-6-27bb2. Layton Baker
11 11 Sand. o 24 76
14 25 Sand; some gravel 55 131
5 30 Claae e 27 158
4 34 Sand_._. .. _.._. 30 188
8 42 Clay;somesand_._______..___.____ 19 207
10 52
‘Well 25-7-3dbl. Oscar Larson
Sofl - .. 15 15 Sand and gravel _____.._______..__ 21 108
Clay, blue 16 31 Sandstone. . ... . .. ... ..._. 15 123
Sand; some gravel 56 87
Test hole 25-7-3db2. Oscar Larson
Soil ... 42 42 46 120
Clay, blue ... __._________ 6 48 2% 144
Sand and gravel __.______________ 22 70 1 145
Clay o el 4 74
. Test hole 25-7-12acl. H. C. Greeley
Sofl .. o 7 7 Sand and elay_. ... 12 90
Sand, fine. ... 1 8 Sand, very fine__ 5 95
Y e e e memmacmeee e 44 52 Limestone and clay 45 140
Sand, fine._______._____ .. ___..___ 18 70 ClBY - e el 25 165
Sand fine to coarse...___._.___.___ 8 78
Well 25-7-12ac2. H. C. Greeley
7 7 Limestone._..._______._____..__... 3 93
2 9 Sand, very fine_ 23 116
40 49 Clay, sandy - - - —oooooeen 8 124
41 90
Well 25-7-12ad. H. C. Greeley
23 Clay._ .. 1 71
25 48 Sand fine; some clay and gravel.. 15 86
10 58 Ol&y, sandy 12 98
2 60 Clay 20 118
10 70 24 142
Well 25-7-12db. H. C. Greeley
16 16 Sand, fine ... ... 5 65
21 37 (| Clay_._...___ 31 76
1 38 Sand, fine_ .. el 2 96
4 42 Limestone, soft_ ... . .. ._._______ 23 119
1 43 Sand, fine; some clay - 16 135
12 56 Limestone, hard__________._______. 10 145
5 60
Well 25-7-12dc. H. C. Greeley
15 15 Limestone; some clay._.__..__._.__ 4 56
5 20 Sandandéay. ... __.________ 12 68
ig 35 Sandstone. ... __..._ ... ... 33 101
52
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TaBLE 5.—Logs of test holes and wells, Elkhorn River basin, Nebraska—Continued

Thick-| Depth Thick- | Depth
ness (feet) ness | (feet)
(feet) (feet)
ANTELOPE COUNTY-~Continued
Well 25-5-17aa. Emery Berg
57 57 Sand and gravel. ... .___...... 27 163
77 134 Sandstone. ... _.oooeooiaaas 16 179
2 136
HOLT COUNTY
Well 28-12-1da. City of O‘Neill
Sand, fine t0 COATSe -~ oo 27 27 Sand and gravel. ... . ... 20 102
Sand, coarse; some gravel 5 32 Sand, fine to coarse; some cemen-
Sand, fine; some clay._. 5 37 tation. ... 15 117
Sand, fine to coarse 20 57 Sandstone, fine, hard____.__.__._._ 5 122
Sand and gravel.__.___ 5 62 Sandstone, soft; some hard zones.[ 10 132
Sand, coarse;.some gravel...____.. 20 82
‘Well 30-14-32abl. City of Atkinson
3 3 Gravel oo 5 35
17 20 Sand, se. 6 41
5 25 Sand, lightly cemented__ 1 42
3 28 Gravel, fine 11 53
2 30 Gravel, coarse 7 60
MADISON COUNTY
Test hole 23-3-30ab
8ilt, clayey;¥some very fine to Sand, very fine to medium, silty_. 9 173
coarse sand..-.._._. 42 42 Sand, very fine to very coarse.... 9 182
8ilt, sandy, fine to coarse_ 10 52 Sand, very fine to medium, silty. 9 191
Sand, silty, fine to coarse. 1 63 5311 AN e 9 200
8ilt, sandy, very fine to Sand, silty; some gravel . 9 209
sand. . 21 84 Sand medium to coarse, silty- 9 218
Sand, very fine to coarse, sil 21 105 Sand coarse to very coarse, silt 14 232
Saud, fine to very coarse, silt 10 115 Sand, medium to very coarse,
Sand, fine to coarse, silty..- 11 126 silty ............................ 6 238
Sand, fine to medium, silty. 20 146
Sand, very fine_to coarse;
VOTY COAISe. e comocmcccaae 18 164
Test hole 23-4-35aa
(310 30 30 Sand, very fine to fine; some silt
Silt, some grayjcla; 20 50 1eNSES oo 10 157
Sand, very fine to Sand, very fine to fine, silty.._._.] 21 178
coarse, silty 34 84 Sand, very fine to medium, some
Sand, very ﬁne toimedium... . 11 95 coarse, silty. 11 189
Sand very fine to fine, soi Sand, very fine to coarse,
medium, silty-. 4 2 115 some fine gravel....._.... 10 199
Sand, very fine e Sand, very fine to coarse, silty....| 11 210
medium - oo oo 32 147 Sand and gravel; some sandy silt.[ 15 225
‘Well 24-4-25bc. City of Meadow Grove
Soil. 7 7 Sand, fine; some ClaY.aeeeeeaeaaan- 58 70
Clay, blue...... 5 12 Gravel... 15 85
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TaBLE 5.—Logs of test holes and wells, Elkhorn River basin, Nebraska—Continued

Thick- { Depth Thick- | Depth
ness (feet) ness | (feet)
(feet) (feet)
PIERCE COUNTY
Test hole 25-4-27db
Sand, very fine to medium, gray, Sand, very fine to fine, silty...... 5 50
_____ 25 25 Sand, very fine to coarse....__._..| 12 62
Sand, very fine to medium, some Sand fine to very coarse; some
coarse, sty ool 15 40 fine gravel ..o 8 70
Sand, very fine to fine, some
medium, silty. . _..___________ 3 45
Well 26-2-27aa. City of Pierce
Soil 16 16 Band, fine, white_ ... ... 12 58
Clay, sandy, yellow.._...__.___.. 30 46 [€5 :X - P, 22 80
Well 26-2-27ad3. City of Pierce
2 2 8 39
9 11 14 53
9 20 10 63
4 24 13 76
1 25 3 7
6 31
STANTON COUNTY
Well A23-2-20cd2. City of Stanton
Sand, coarse.- 7 .44
Gravel, coarse 16 60
W. A. Schultze
Gravel, fine. acoeoooooooaa 57
Gravel, coarse__... 67
Gravel, very coarse.. 2
Clay, blue._.. . . 75
Well A24-3-35ca3. City of Pilger
L0173 4 4 10 28
Sand, fine. ... 7 11 4 32
Sand - 7 18 20.5 52.5
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